Model tests of windbreaks were carried out in a wind-tunnel to make clear the effect of width of a windbreak on the wind speed distribution in leeward. The drag force on windbreaks was measured using a drag meter in a wind tunnel and utilized as an index of the aerodynamic properties of the windbreaks.
Introduction
Windbreaks reduce the force of wind in the sheltered zone. Windbreaks vary in effectiveness in this regard depending upon their height, length, porosity and width. The higher a windbreak the greater will be the distance of its downwind as well as upwind influence. If the length of a windbreak is shorter, the sheltered area will be reduced. The porosity of a windbreak is the most important factor with respect to its effectiveness. With a less porous windbreak, the minimum leeward wind speed occurs closer to the windbreak. After reaching the minimum, the wind speed tends to increase more quickly than with a more porous windbreak. The reduction of the leeward wind speed is less with a very porous windbreak. A medium porous windbreak performs therefore best (Nageli, 1943) . Systematic field measurements by Tanaka et al. (1953) showed the maximum sheltering to be associated with porosities (defined as percentage of open area in the total area of the screen).
The problem of the effective windbreak width remains unsolved because the porosity and width of a windbreak are related to each other. Many studies on the effective width have been not only for windbreaks in the field but also for models in the wind tunnel. Tanaka et al. (1956) showed in the field experiments that the wind speed decreased markedly with increasing number of rows from 1 to 6, but a further increase had less effect. Iizuka (1952) showed that a windbreak with 4-5 rows was most effective in reducing the leeward wind speed.
In these studies, the effects of porosity and width of a windbreak have never been discussed separately, because the porosity and width influ- The drag meter was equipped under the floor at a distance of 400cm from the windward edge of the wind tunnel. Fig. 1 illustrates a schematic figure of the drag meter. The drag meter is constructed in a fixed frame (1) and a free platform (2) which is suspended from the floor of the wind tunnel at point (3) by four 0.5mm piano wires (4).
A sample tray (5) with four vertical posts (6) is fixed on the platform at the bottom. Test sample are set on the sample tray. Shearing stress on the sample surface is measured directly by the poise(7).
Model windbreaks were 10cm in height and 80 cm in length. Fig. 2 (Fig. 2) . Vinyl nets were used for porous type windbreaks. The diameter and number of fibers of the vinyl nets were 0.28mm and 7cm-1.
Hence the porosity of the net was 68%.
Wind speeds at height of 0.25H and 0.5H were measured at distances of 10H, 5H, 3H and 1H from the windbreak in windward and 1H, 3H, 5H, 7H, 10H, 15H and 16.5 H in leeward. A hot wire anemometer and a strip chart recorder were used to measure the wind speeds.
Results and discussions
(1) Shearing stress on the surface of artificial roughness
Shearing stress on the surface of the artificial roughness was measured by the drag meter and compared with the value calculated from the wind speed profile using eqs. (1) and (2). density of air, u* is friction velocity, k is Karman's constant and u is mean wind speed at a height of z. respectively. After reaching the minimum speed, the speeds increase at the same ratio (Fig. 6) . The On the condition of a same geometrical porosity and a same drag force on the windbreaks, it is concluded that the wider the width of a windbreak, the nearer the location of the minimum wind speed in leeward will be to the windbreak.
